Introduction and objectives: Despite being uncommon, infantile kidney stone remains a major health problem due to its higher recurrence rate and morbidity. The parents usually notice that their infants have recurrent fever and failure to thrive of unknown origin. Those patients comprise a big challenge for the urologist in management. Therefore, this study aimed to evaluate the outcome of shockwave lithotripsy (SWL) in management of renal stones in infants. Subjects and methods: A retrospective analysis of prospectively collected data performed between January 2009 and December 2012 for infants underwent SWL for single radio-opaque renal stones ≤15 mm at a single stone center. SWL was performed with Dorneir S lithotripter with a maximum of 1500 shocks per session. A single session was indicated for each infant, but a second session was performed when satisfactory disintegration was not achieved. Follow-up based on urinalysis, urine culture and sensitivity, plain X-ray kidney ureter bladder (KUB) and abdominal ultrasonography (US) was carried out 2 weeks post SWL and monthly for 3 successive months. Multislice Computed tomography (MSCT) was performed 3-months post-SWL to confirm the stone-free status. * Corresponding author at: 18 Salah El Din St., Zamalek, 11211 Cairo, Egypt. Tel.: +20 227351412; fax: +20 233052633. E-mail addresses: ahmedelnashar@gmail.com, ahmedelnashar61@yahoo.com (A.M. El Nashar). Peer review under responsibility of Pan African Urological Surgeons' Association. 
Introduction
Treatment of renal calculi has dramatically changed by the development and advancement of shock wave lithotripsy (SWL). Therefore, SWL has become the first line for treatment of renal calculi less than 20 mm [1, 2] .
Safety and efficacy of SWL in treating renal calculi in adults have been reported, however, few studies have reported similar outcome in infants [3] [4] [5] [6] .
Despite being uncommon, infantile kidney stone become a major health problem due to its morbidity and higher recurrence rate. The parents usually notice that their infants have recurrent fever and failure to thrive of unknown origin [7] .
Management of those patients comprises a big challenge especially in the era of minimally invasive surgeries [8] . Therefore, the current study was designed to evaluate the efficacy of SWL in management of infants presented with single radio-opaque kidney stones less than 15 mm in their large diameters.
Subjects and methods
Institutional Research Ethics Board approval and parents' informed consent were obtained. In the period from January 2009 to December 2012, a total of 110 infants younger than 24 months of age, who were admitted to Assiut University Hospitals, Egypt, underwent SWL for single radio-opaque kidney stones less than 15 mm in their longest diameters. SWL was performed using Dornier S lithotripter, a 4th generation electromagnetic lithotripter.
Abdominal ultrasound (US), kidney, ureter and bladder (KUB) films, and multislice computerized tomography (MSCT) scan were done for diagnosis of stones and assessment of their site, size, number, Hounsfield (HF) units and any associated congenital anomalies. Urine analysis and culture, serum creatinine, coagulation profile and complete blood count (CBC) were done for all patients before SWL. Patients excluded from this cohort study included those with febrile urinary tract infection (e.g. infected hydronephrosis), uncorrectable coagulation disorders, solitary kidney, non secreting kidney, or those who have contraindication for anesthesia. Infants with infected urine were treated with antibiotics according to the results of culture and sensitivity for 5 days before SWL, while those with sterile urine received prophylactic antibiotic one hour before SWL session (50 mg/kg ceftriaxone) and maintained for two days post-SWL as a single daily dose.
The procedure
Under general anesthesia and in supine position, the children were secured to the gantry with tapes, leaving the skin over the treated kidney uncovered. Lung shielding and visceral protection were ensured by placement of polystyrene foam. Shock waves were fired at a very low energy level, then after 100-200 shocks the energy level was increased in stepwise manner up to 16-18 kilo voltage (kV). This depends upon the status of the stone fragmentation. The calculi were monitored fluoroscopically during treatment and the session was terminated when pulverization was satisfactory (the size of the fragments was smaller than 2 mm) or when 1500 shock waves were applied. Those who had unsatisfactory stone fragmentation were re-treated with a second SWL session after 2 weeks. The generator voltage ranged from 16 to 18 kV and pulse frequency rang was 60-80 shocks per min. No ureteral stents were inserted before SWL sessions in any infant.
All infants were discharged at the same day after recovery with Potassium Diclofenac 12.5 mg for post-SWL analgesia. KUB and abdominal ultrasound were routinely performed before discharge. Urine culture and sensitivity, KUB film and abdominal ultrasound were performed at 2 weeks and monthly for 3 successive months after the last SWL session. MSCT was done to confirm the stone-free status at the 3rd month post-SWL for all patients.
Success of SWL was defined as stone-free status with no residual fragments, evidenced by MSCT 3 months after the last session. Failure of SWL was considered if no/or unsatisfactory stone fragmentation was achieved after the second session or presence of residual fragments at MSCT 3 months after the last session.
A retrospective descriptive analysis of prospectively collected data was done for those infants. Statistical analysis was performed with Statistical Package for Social Science (SPSS, Chicago, IL, USA). Categorical variables were expressed in numbers and percentages while continuous variables were defined in terms of means and standard deviation.
Results
Twenty-three infants who have missed follow-up were excluded from data analysis bringing the total number of included infants to 87. Infants' age ranged from 8 to 23 months with a mean of 14.6 ± 4.3 months.
Of those 87 patients, 55 (63.2%) were boys and 32 (36.8%) were girls. Mean stone size was 11.0 ± 3.0 mm (Table 1) . The mean number of shock waves delivered was 1166.6 ± 281.3 shocks in the first session and 1315 ± 145.6 shocks in the second session. The average number of SWL sessions was 1.07 per patient (Table 2) .
Stone-free rates were 93.1% and 100% after the first and second sessions, respectively. Rate of retreatment with second session of SWL was 6.9% (6 infants).
No ureteral stents were inserted before SWL sessions in all patients. In the present cohort, no major complications were recorded where only some minor complications were detected. Nine patients (10.3%) had renal colic that was resolved with analgesia, transient renal obstruction with low grade fever in 4 (4.6%) of infants, 40 (46%) infants had transient hematuria, which were self-limited and resolved spontaneously with conservative management and fluid intake. No perirenal or subcapsular hematomas were noted on renal sonography. No anesthetic complications were reported in our group of patients.
Discussion
Recently, there is an increased concern about management for urolithiasis in infants in the era of minimally invasive techniques. Possibly, this might be due to increasing incidence of kidney stones in this age group with added risk of the higher recurrence rate and morbidity [7] . Although endourological procedures are a valid option for treating renal stones in infant, urethral instrumentation in boys is not favored as it may be hazardous [1] and associated with a high rate of complications [9] .
SWL as a minimally invasive procedure offers many advantages over endourological or surgical interventions, including shorter hospital stay, rapid recovery, low complication rate and easy retreatment [10] [11] [12] [13] [14] [15] . Therefore, SWL is typically considered as the first-line for treatment of renal calculi <20 mm in size because of its long-term safety, minimal complications and high success rates [3] [4] [5] [10] [11] [12] [13] [14] [15] . However, its outcome in infants is not documented as in adults. To date, few studies have described SWL application in infants due to its theoretical potential side effect for the developing organs, lower stone free rate, and the high incidence of retreatment rate with multiple sessions and anesthesia which put more stress on parents who prefer only one session for stone extraction [6] .
In the present cohort, 87 infants with single radio-opaque renal stones less than 15 mm were managed by SWL in the last 3 years.
To the best of our knowledge, this is the largest single center series reporting the efficacy of SWL in management of renal calculi in infants. Stone-free rates were 93.1% and 100% after the first and second sessions, respectively at 3 month of follow up. This is in agreement with other published data about stone-free of 88-100% at 3-month follow-up for renal calculi disintegrated by SWL in infants [1, 5, [16] [17] [18] [19] [20] .
Lottmann et al. [1] reported that stone-free rate was 100% after 2 sessions of SWL in 19 infants whose age ranged from 5 to 24 months. Similarly, Shukla et al. [5] reported the same stone free rate after a single session in treating 8 infants of 9-15 months using Dornier HM3 lithotripter. Moreover, Ramakrishnan et al. [20] evaluated 74 infants younger than 2 years old and reported an 88% stone free rate after a single session of SWL.
Despite children having small ureteral diameters, they have a higher clearance rate of stones fragments than adults [21, 22] due to the shorter and more distensible ureters they have [23] . In addition, the infundibulo-pelvic angle in children may be more favorable for clearance of stone fragments of the lower calyceal stones [24] .
No ureteral stents had been inserted prior to SWL in all infants in the current cohort as stenting is not recommended before SWL, especially in children [25] . Moreover, ureteral stents may decrease ureteral peristalsis and increase the time for stones fragments to pass [26] .
Although, multiple sessions of SWL confer increase stone clearance, they request repeated anesthesia, which is considered a stress on the patients' families [27] . Therefore, maximally two sessions of SWL were considered in this study.
In the present study, SWL was considered to be successful if the child became stone-free with no residual fragments at the follow-up MSCT 3-months post-SWL. Some studies defined success as the presence of residual stone fragments less than 4 mm, considering them as clinically insignificant residual fragments (CIRFs) that are expected to pass spontaneously without further treatment [3, 19] . However, what is allowed for adults is not necessary to be accepted for infants due to different anatomy. Moreover, it was reported that 69% of clinically insignificant residual fragments resulted in adverse effects of clinical significance [28] . Therefore, persistence of those fragments urges secondary interventions either with SWL or endoscopic procedures [29] .
During the follow up period, KUB film and abdominal ultrasound were performed several times, while MSCT was done to confirm the stone-free status 3-months after the last SWL session for all patients. Of these imaging modalities, MSCT has been demonstrated to be the most sensitive, accurate and specific to determine the stone-free status post-SWL, detecting fragments as small as 1 mm [30] .
The frequency of complications related to SWL is relatively low [16, 31] . The most frequently reported complications are hematuria, renal hematomas, upper urinary tract obstruction, renal colic and urinary tract infection. Hematuria is always transient and resolved spontaneously without further management. Similarly, complications of general anesthesia as laryngospasm and hemoptysis have been reported [32, 33] . The complications reported in the current cohort were minor, which responded readily to conservative treatment or resolved spontaneously. A higher rate of complications (20%) and SWL failures (19%) was reported by Ather et al. [17] who managed larger stones 20 mm in diameters or larger. This may indicate that SWL is not as efficient for large stones as for small stones. Moreover, the precise focusing area used by the new SWL generation technology provides less damage to surrounding tissues with less complications [29] .
Conclusion
The new generation of SWL technology with a precise focal area seems to be safe and effective treatment for kidney stone less than 15 mm in size in infants.
